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o Hierarchy Problem: We don’t understand how

we get from the Planck scale of Energy ~10"
GeV to the Electroweak Scale 100 GeV
without “fine tuning” quantum corrections

o Baryon asymmetry of the universe
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" Limits on New Physics

o How can new physics manifest itself in
beauty decays?

o One hypothesis: assume that tree level
diagrams are dominated by SM and loop
diagrams could contain NP
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See: Isidori, Nir
& Perez arXiv:1002.0900;
Neubert EPS 2011 talk

Ways out

1.

New particles have
large masses >>1
TeV

New particles have
degenerate
masses

Mixing angles in
new sector are
small, same as in
SM (MFV)

The above already
implies strong
constrains on NP




Leptons Quarks [

1 GeV} ° ¢ !
o o
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].MEV' ° ?

= Three light v's

summed masses
1eV! 0.04-0.3 eV
_ e o
s e W T ud s b T

12 orders of magnitude differences not explained; t quark as heavy as Tungsten
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Quark Mixing & CKM Matrix

| 5 In SM charge -1/3 quarks (d, s, b) are mixed
o Described by CKM matrix (also v are mixed)

[V, Ve V)

V(g_l\= Vi Vi Ve
el oo,
[ 1-A2/2 ho A (p-in) )
= _A 1-22/2 AN
A(1-p-in) AN 1

+0(2*)

o A=0.225, A=0.8, constraints on p & 1
o These are fundamental constants in SM
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Area ~V?

Why these values? Are the two related? Are they related to masses?
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| o Complementary to ATLAS & CMS
o Much less expensive
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s#.%  The Forward Direction at the LHC
5 In the forward region at LHC |§ MM Predpiges st
the bb production o is large |2 .| |#mses

o The hadrons containing the b 100 ub =
& b quarks are both likely to " |

be in the acceptance. 230 ub-
Essential for “flavor tagging” ISR,

1 LHCb uses the forward
direction where the B’s are
moving with considerable
momentum ~100 GeV, thus
minimizing mulftiple scattering

o At L=2x1032/cm?/s, we get
1012 B hadrons in 107 sec

Production|
/ Of Bvs B
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From exploration (now)

TO PRECISION STUDIES:
SOME EXAMPLES
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B.—utu-
o SM branching ratio is (3.2+0.2)x107° (Buras
arxiv:1012.1447], NP can make large

contributions.

Standard Model FLERL

H°/A°

o Many NP models possible, not just Supersymmetry
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S F ] St 3.50 excess =
o 10p = 3 E
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aa) ha . C ]
4= ~ 1;_ _;
- A | N : - B(B'— 1) 1107
B—fliit3000 | go B. 5500 BDTE000 ol B]DT
m,, (MeV/c?) ATLAS 2011
B— Tuv e Set limit on BR using CLs approach
e BR(Bs—pup) <22 x 108 (95% C.L.)
LHCb 1.0 fb-! (2011) + 1.1 fb! (2012)
(M5 2011 i =
upper limit (95%CL) | observed | (median) expected " S———
B(Bg — ,U/+,U_) 7.7 X 10_9 8.4 x 10—9 10'2;— ;TI;ATSV
B(B° — ptp”) 1.8 x 1077 1.6 x 107° F e
Next challenge BO—=u*u- LHCb Upgrade expectedto = = )
measure ratio BO/Bs ~35% erEn10 T
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B— K()]+]-

o Similar to K*y, but more decay paths

S Ay

L oS . V =
e Y o U 4 + new
= o 3 o o .
b nen S s b e s particles
/ \/\J( .
W in loops
7 7 7 7

o Several variables can be examined, e.g.
muon forward-backward asymmetry, A is
well predicted in SM
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1.5

o Conforms to SM predictio

Bo— K*o|+]-

—8—| HCb preliminary === CDF -#-BELLE —¥BaBar 7

in

PP B B
5 10 15 20

n 4 [GeV’]
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DEp AV

o The measurement is performed JHEP 02 (2013) 105
in 7 q2 bins 0.05 < g < 22
2
Gev Theory HEEBinned theory
—8—LHCb
g 150F | | | = c\;‘ AL B B B
2 LHCb 8 oo LHCb
L - )
g 100 [1Signal _ X
3 ! Ml Peaking ] S 04 -
3 - background cg
2 5k @ Combinatorial ] D R ]
< Q
O - background 3 oo ——t |
5200 '53Ioo”'54o 5500 60 00"",:"",',\""1',:""2'0'|
. _ My IMEVI 7] SM predictions & [GeV/ch]
Result is consistently below the low g2: QCD factorization
. . ; 2.
SM in low q2. Agrees with and high g7 OPE.

more precise with results from other
experiments

Integrated BF in full g range: BR(B* —K*utu-) = (4.36 + 0.15 + 0.18)x10-7
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‘“@3° Generic constraints to new physics

] Wilson coefficients of local
operators expected to be ~0 in SM

Altmannshofer and DS

lo &
Nallowed

0.5+

-05F

ﬁ 05 H;J?o '\;15 y e j ‘
S(KLY) e \ \ e

BB—X. £+ 4")
K* g+ 4~ low, g2 . .
o Many more such generic constraints
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Neutral Meson Mixing

| o Neutral mesons can transform Yy

. . . . . 0 O—> —aq _,
into their anti-particles via 2"® - ql‘ |ql < F

order weak interactions /WA

New particles possible in loop

o Short distance transition rate + “long distance” for D°

0] =0
depends on D’ —> ... —b

= mass of infermediate g, the heavier the better,
favors s & b since t is allowed, while for ¢, b is the
heaviest

0 0 0
D Bd BS
0.7t~
06
05

Prob[BY](t) 04

0.3

0.8

Prob[B?](t)
Prob[B2](t)

0.6

Prob[D°](?) 06

04 .
Is this zero?

0.2
0.1

0.2

°2 1 Prob[B3](t)
05 1 15 2 25 3 0.5 1 156 2 25 3 - 0.5 1 15 2 25 3
Proper Lifetimes Proper Lifetimes Proper Lifetimes 17
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§6000 EE(;?, D S LHCb preliminary ¢ data
i ] 2 — fit
15000 —-signal = ]
< £ Y o long bg : Eoooo I I B} D_*
~ B D ot ] - L 0 -
4000 =B" oDr - = i M B> DK*
3000 — combined - £ coool misid. bkg.
s . S [ I comb. bkg.
2000 3 2
: 3
1000 3 g
............ . 5400 5600 5800
5%00 5200 5400 5600 (Ds 7*) invariant mass [MeV/c?]
m((K*"nm n 7 [MeV] .
> ————— — 2 i o Tagged mixed
g 0_4:_ I_‘E(;(’,ﬁ D 5 - v Tagged unmixed
= - — combined > 400 B $ —— Fit mixed
5‘ 02 %’ i . = === Fit unmixed
2 T\ °
S oLk = i
7 B ) S 200}
02 \M - B
04 N 0 ‘ .
04 - - 0 1 2 3 4

decay time [ps]

5 0 15 i
Amg = 17.768 £+ 0.023 (stat) = 0.006 (syst) ps

B° decay time 7 [ps]
Amg = 0.5156 +0.0051 (stat) +0.0033 (syst) ps~'
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~ CPVinB~J/yX

| o CP violation means, for example, that a B will

have a different decay rate than a B ;

o Can occur via interference /
between mixing & decay wangiab A,

o For F=J/y ¢ or J/y f,
%?’}W [
Eg{z—<-w\‘\§} T or KK

o Small CPV expected, good place for NP to
appear
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s ¢ results from J /¢ KK/

| LHCb values
'=0.663+0.005 o4
+0.007 (ps71) ,
AT=0.100 =0.015 T
+0.003 (ps- 1% 00
0.=0.07£0.09 4
+0.01 (rad) 02

Ambiguity removed -04
using

interference with K
+K- S-wave

o5 LHCb 10fb"+CDF 9etb +Dz 8fb"+ATLAS 49fb™

B L g
’

.
.
.
.
A
.

HFAC
68% CL contours
(Alog £ =1.15)

llllllllllllllllllllllllT

o Combining LHCb results: ¢.=-0.01+0.07+0.01 rad
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Penguin dominated, particularly Swf T
sensitive to NP 52
5
® SM: cancellation between decay °r
and mixing phases— ¢s~0 o

Wk kx”

LHCB-PAPER-2013-007

5500

PMeV/cd]

® We recently made first time-
dependent measurement of ¢x:

[-2.76,-0.76]rad @68%CL

® |n the upgrade we expect to

approach theoretical error

Measurement LHCb (Ifb™") LHCb (10fb")  LHCb Upgrade

o(¢s)[Bs = ¢ 100% 17% 3% 2%
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Charm

Various experiments have seen evidence for D°-D°
mixing, but none with significance >50.

D**—x*D° provides an initial flavor tag
"Wrong-sign” (WS) D° can appear via mixing or doubly-
Cabbibo suppressed decay (DCS).

DCS follows ~exp(-t/ty0).
Define R,=DCS/(Cabibbo favored). Mixing is
parameterized as x” & y°, functions of Am & AT

Measure Wrong-sign/Right-sign, R(t)= (WS/RS)

t o2+ y? [t
R(t) ~ R Rp vy — A —
() Do DyT 4 <7‘>
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First lepton flavor violation limits at a hadron collider recently
reported by LHCb!

Channel Expected (90% CL) | Observed (90% CL)
T = uptuT 8.3 x 1078 8.0 x 1078
T = pput T 46 x 10~/ 3.3 x 10~
T — pPu 5.4 x 1077 4.4 x 10~

cf. BF(r= = p=ptp™) < 2.1 x 1078 at 90% CL from Belle

Projected sensitivity in the LHCb upgrade ~2x10-°
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v 0% D% -y N -
evs  Sensitivity of the upgraded LHCb
Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb™")  uncertainty
BY mixing 2, (BY = Jf ¢) 0.10 [137] 0.025 0.008 ~ 0.003
268, (B® = JJ f(980)) 0.17 [213] 0.045 0.014 ~0.01
a 64 %1079 [43]  06x10% 02x107% 0.03 x 10~
Gluonic 35 (BY = ¢9) . 0.17 0.03 0.02
penguins 26 (BY — K*0K*0) — 0.13 0.02 < 0.02
26 (BO 5 GK?) 0.17 [43] 0.30 0.05 0.02
Right-handed 285 (BY = &) - 0.00 0.02 Z0.01
currents 7% (BY — ¢y) /7o — 5% 1% 0.2%
Electroweak  S3(B — K*%utp=;1 < ¢* < 6 GeV?/c?) 0.08 [67] 0.025 0.008 0.02
penguins so App(B° — K*utpu™) 25 % [67] 6 % 2% 7%
AKptp—;1 < @ < 6GeV/ch) 0.25 [76] 0.08 0.025 ~ 0.02
B(B* — ntutp”)/B(BT — Ktutu™) 25 % [85] 8% 25% ~ 10%
Higgs B(BY — ptp) 1.5 x 1079 [13] 0.5x107% 015 x107 0.3 x 107
penguins B(B" = ptp™)/B(BY? = putu) - ~ 100 % ~ 35% ~ 5%
Unitarity v (B — DWK®) ~ 10-12° [243,257] 4° 0.9° negligible
triangle v (B! = D,K) - 11° 2.0° negligible
angles B (B = Jhy K?) 0.8° [43] 0.6° 0.2° negligible
Charm Ar 33 x10°[43] 040 x10° 007 x 107 -
CP violation AAcp 21 %1073 [18]  0.65 x 1073 0.12 x 1073 -

Implications of LHCb measurements and future prospects, LHCB-PAPER-2012-03 |

M. Artuso, IF Meeting Argonne, 26 April, 2013
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Exploring new vistas

THINKING OUTSIDE THE BOX
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Majorana (their own anti-particles) and
couple to “ordinary” v’'s

o Modes analogous to v-less nuclear 3 decay

Simplest
Channels:
B—D*l-I'- &
B-——D**|-|'-

|- & |’ can be
e, u orT.

)o*, D
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On:SJJEJJuv

Can also look
for Majorana v
(N), where
N—=W+*u~

o Several ways

o A. Atre, T. Han,

S. Pascoli, & B. Zhang

[arXiv:0901.3589]

o N. Quintero, G.
Lopez & Casftro,
[arXiv:1108.6009]
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Other possibilities

Search for long lived exotic particles
5 QCD exotica
o tt production

o Electroweak physics

5 “LHCb general purpose detector in the
forward direction...”
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The observables are many, we
are still at a cross road
among many paths

LHCb UPGRADE
CONCEPT: FOLLOW
THE OPPORTUNITIES
AS THEY ARISE

M. Artuso, IF Meeting Argonne, 26 April, 2013
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o In order to reach the required sensitivity
for these measurements we want a 2 10
increase in our data sample through:

5 Increase nominal luminosity (1-2x1033 cm-2s-!)

1 Increase efficiency on beauty and charm hadronic
final states trigger (=2)

Schedule:
R&D phase in progress and should end in 2014
Installation during long shutdown ~2018.
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0 LHCb Upgrade Event Environment:

0 L£L~2x103 cm=2s-1 with 40 MHZ beam
crossing frequency

‘N30 L Al
. . T L e
~26 MHz rate for crossings with = I <6
> 1 interaction 520 L =5
+ = <4
h~2.3 o =
ATLAS,CMS _
£10 =
luminosity levelling x _ iz
5000 g O - ’ I - — I3__ I | |
E'lllllll L 'i 8 10 Ny
E:nou “E 6 :
glﬂﬁﬂ ’l- i
Bmo: | 1 | | | E 4 =it ig
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O EEEER e
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LHCDb trigger evolution

1.1 MHz readout

2011 First Trigger Level:
Hardware Muon/ECAL/HCAL

40 MHz e
Q¢ 525 m mn
T = L A @y
- $1.5 F © O
S
U :
.gbs £
—
N = 2= 85 2 &5
o Luminosity (x10%)
S
- SOG4  Global reconstruction The hadronic
0} : : i
> o Inclusive selections channel YIE|C|S
- © u, pttrack, ppu, ]
-'g) £ M topological, charm, ¢ saturate at high
— 8 T . 0
T & Exclusive selections Ium|n05|ty
wove L |5Kizin 2012

— ] Storage: event size ~50kB

M. Artuso, IF Meeting Argonne, 26 April, 2013

Optional
Low Level Trigger
throttle
1-40MHz

==

Tracking and vertexing

Impact Parameter cuts
Inclusive/Exclusive selections

\

to tape-
M 34




The LHCb upgrade in a snapshot

Mirored cylindrical surface

Intermediate tracking
replacement: higher
granularity and low
mass support/cooling

Vertex
Locator _ ¥

velo replacement,
smaller inner
radius, lighter RF

Focusingblock — £ /" eeu)

Photodetectors

T Stations, . = :
inner/whole ta el;ls];cage.
scintillating IOFC or
fiber option, ) — ower :
rad hard SiPM | SPP/PS momentum
T3 RICH2 ECAL K ID
Ml
12

\

foil, possibly |

pixel for more
robust pattern
recognition

| I
| 1]
CY By, S v gnt
| I
| = | | | o | |

New front-end electronics and
data acquisition network, to
push the data out at 40 MHz




LHCb expected performance

LHCb has designed an upgrade
path that will enable it to take
advantage of a luminosity of
~1033cm~2s-1 with a flexible
software trigger that can be
customized to pursue exciting
physics clues wherever they come
from

Pile—up and occupancy are very
manageable at this luminosity
(based on current data taking)
Sensitivity scalable with CPU &
analysis ingenuity (at least CPU
should scale with Moore’s law!)
Variety of new channels being
considered (e.g. Bs=Kuv for Vub,
B—D*tv)

SLuminosity (fb™), Yield (arb.unit)

50

20:

10 |

; LHCb

e SLuminosity
s B—uu
v B—> hadrons

- g g g g g g g g

M. Artuso, IF Meeting Argonne, 26 April, 2013

36



o LHCb is pursuing an upgrade plan that will extend the
current exploration of new physics in heavy flavor

decays into the precision realm for a vast array of
observables

o LHCb has devised an upgrade strategy that can be
reoptimized very easily to adjust to the evolving
landscape of new physics scenario

7 CMS and ATLAS have windows of opportunity to
pursue interesting flavor physics observables but
implications of the high luminosity upgrade
environment need to be studied more extensively

More information in contributions by B.K. Hamilton and K. Stenson
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The
End
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@ suos :
PN ﬂ,\

o B lifetime results
here use only fully &
reconstructed .
decays

o K*K- is taken as Cf
even (A,=-1)

51 Ovals show 39% cl,
while bands 68% cl

o t=1.509%0.010 PS,
AT’y = 0.09210.011
pS'l, yszAI“S/ AR
0.07+0.01

—0.25

0.15F

i Corlltloulrsl a
- Allog(L)]=0.
0.2F
j_ Theory
. Lenz \
- arXiv:1205.1444/Y
0 N |
1.3 1.4 1.5 1.6 1.7
1/T [ps]

only full reconstructed B, decays used




Ag)

o By definition (i — )-r(m - 7)
" (M- f)+T(M T

o0 %= %
Vo ET

at t=0 M—f is zero as is M—f
1 Here fis by construction flavor specific, f # f
o Can measure eg. TBs*Dju‘v, versus B.—D.u*v,

o Or can consider that muons from two B decays
can be like-sign when one mixes and the other
decays, so look at utu* vs wuw

o da, Is expected to be very small in the SM,
a,=(AT'/AM) tan¢,,, where tand,,=Arg(-I';,/M,,)

o_In SM (B%) & =-4.1x10-4, (B,) &, =+1.9x10-5
M. Artuso, IF Meeting Argonne, 26 April, 280dv:1205.1444 [hep-phho



o Using dimuons (3.90)

002 ——
A’ =(-0.787 £0.172 + 0.093) %
L Ve
o Indication from DO | s,
that its B, !
o Separate dimuons
into B, and B, 0021 ‘
samples using muon = |
. | 68% and. 95% C.L.regions
impact parameter [ v v
o Find o =(<0.120.52)% B |
-0.04 0.02 0 0.02
a’ =(-1.81+1.06)% a’ ad
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New DO Analysis

o Measure @, using D.u"v events, D.— ¢m*

N o x10*
] DQ"'QC"' a M GSSOCIG"'G S 30 ) B? (B — p= D v (weighted)
2 ~ DORunll, 104 fb’ )
. © I N(D) = 203513 + 1337
Wi .I-h a D decay g | N(D) = 47965 = 1173
: 2 G
pa —— Signal Fit
¥ N ----- Background Fit
B W TN
> Di pd — g.lz ' )
x M (o) [GeV/cT]
> T zero suppressed i

o Find a,=(-1.08+0.72+0.17)%
1 Also measure d; using D*uv, D*—=Kmtr!
5 d,=(0.93+0.45+0.14)%
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f 0‘; csues &“02 |
& a accordmg to DO
R sl
S 0.0 S50 ] il
o d,=(-1.81+0.56)%
5 d=(-0.22+0.30)

%

1 30 from SM
o arXiv:1208.5813

w un

-0.02—
. Preliminary

D04

-0.04| 77

,_.
AT
4

A x A >
NS s
_”u':\/'-/v:\f\_f\lv\/-_/\

mnm

- Ad(IP ) 68%CL.

- Comblnatlon
e Standard Model

-0.04

-0.02
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LHCb measurement

o Use D.u"v, D,—¢n*, magnet is periodicaly
reversed. For maqne’r down:

¢
>

|
10 Prellmmary . 10*p Preliminary

10°

Candidatess / 3 MeV

102

P 2 2 a2 o 0 . Bl
1800 1850 1900 1950 2000 1800 1850 1900 1950 2000
m(K*K'«t*) (MeV) m(K*K ) (MeV)

o Effect of B, production asymmetry is
reduced to a negligible level by rapid mixing
oscillations

1 Calibration samples (J/vy, D**) used to
M. easlreedeteckore i gger;ofrack & muon ID




SO e %

7 00 il o

i\ g °>

R YL S I
A N

0.02
o LHCb finds !

a’ =(-024 £0.54 +0.33)%

SM

| ! |
a =(-0.05+0.56)% ag | *

sl

0 Results consisten

with SM 002 *
o Expect ¢, to gro Y(4S),
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=" b Fractions (LHCDb)

| o First measure the b cross-section: 300 ub,
then:

s f,/f,Using Semileptonics: b—(D°, D*, D, A,)

~ LHCb
XM’U 1800 Preliminary

\/s =7 TeV Data

+0.021 > 1000
f; /fd = 0.267_0.020 W goo

2
In(IP/mm)

§independent of n & p,
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o Significant p; dependence

0.6 1 T ™1 . 0.6 Fr—r—T—TTTrTT T T T T T T
o : E :
05— —inn [2,3] — 0.5 _
fu+f N - A . 7]

: d - forfy inn[3,5] .
0.4} 0.4} _:
) MM E
N —1

02| — 0.2 =
- Vs =7 TeV : = /s =7 TeV ]
01 LHCb Preliminary ~3 pb-! = %1t LHCb Preliminary ~3 pb-1 E
) SR TS U SRR SR SRR T T T e T
? ? ) ° ’ - (Charm 4 11) [GeV] P, (Charm + ) [GeV]

[fao/(fu + fa)] = 0.401 £+ 0.019 + 0.106 — (0.012 = 0.0025 = 0.0012) x p,(GeV)
o In general agreement with CDF measured

at <p;>~10 GeV fa,/(fu + fa) = 0.281 £ 0.0120 0570 0%
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New Exotic States

- Belle discovery of Z,(10610) and Z,(10650)
5 Y(5S)—=Y(nS)r*n- Dalitz plots. See Y(nS)n* states

o Also seen in h, (1P)n* & h, (2P)n* decays arxiv:1105.4583
Y(1S) Y(25) Y(3S)
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0 Now even better
consistency with
SM than B,

0 However, much
more room for
NP than in B,
system due to
less precise
measurements

M. Artuso, IF Meeting Argonne, 26 April, 2013
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New Physics in B_ - B, mixing
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Confidence Level

TTT [T T T TTTT[RITT[T]

T eT TeT T T T T T
o
51 EViSS.MeV; 52.3<E,<55 Qfe\/

E, (MeV)

t,, (nsec)

Confidence Level

. 4
[EREYs ERT FETT EETT a RERT RETT Rt ROy s

BT TR T T T [T T [T T T T
. .

1.7x103 £ BR < 9.6x10°12 Note 2-sided
90% C.L. limit

Best Fit BR = 3.2x10!

updated 2009 data

N A T E U .
0 5 10 15 20
Number of signals

0.5? BR< 1.7x10°12 : Combined

04f oonorn - B<2.4x10-12
0.3 3

02

01F 2010 data -

bUs e s

Number of signals

N\any limits on r—>€ hh AT\ Ah, uy, uh, 3u, best limits

____near 10-8 (Belle, BaBar)
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Basics For Sensitivities

| 1 # of b’s into detector acceptance
o Triggering
o Flavor tagging

o Background reduction
o Good mass resolution
o Good decay time resolution
o Particle Identification
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CPV Time Evolution

[(M - f)-T(M - f)
[(M— f)+T(M - f) .
1 Define A, =AM — f),A, = A(M — f), Af:BA_f

2 q4 2
0 Only 1 A- & AT'=0 F(Mef)=Nf‘Af‘ e'”(l—Im)»fsin(AMt))
o Then alf(t)]=-ImA, , & A,is a function of V;; in SM

o For B°, AI'=0, but there can be multiple A
o If in addition AI'=0, eg Bof i \

T(M—f)=N,[A[e L cos(AMt)—Im)Lfsin(AMt)J

o Consider al f(1)] =

( )
F(Mef)=Nf‘Af‘2 L1+ ‘ AFt - ‘ ‘ cos(AMt) - Re A smh%—lmk s1n(AMt)J

See Nierste, arXiv:0904.1869 [hep-ph]
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d'T(B°— Jhio)

- I
dtde; e(6) 12

dt dcos@ dy dcosv
k hi(t) f(0,%, 9)
1 |Ag|2(t) 2 cos? 1 (1-— sin? @ cos? ?)
2 |4, ()2 sin? ¢ (1 — sin? sin? ¢)
3 AL ()2 sin? ¢ sin? @
4 | I(A)()AL)) — sin? % sin 20 sin ¢
5 R(Ao(t) A (t)) %\/5 sin 24 sin® 0 sin 2¢
6 | I(Ag(t)AL(L)) %x/ﬁ sin 2¢ sin 26 cos ¢
7 |As(t)|2 %(1 — sin? @ cos? @)
8 | R(AI(H)A (1)) 1V/6sin 1 sin? O sin 2¢
9 | I(AZ(t)AL(E) % 6 sin v sin 26 cos ¢
10 | R(AZ(t)Ao(t)) | §V3cosi(l —sin? 6 cos? ¢)

for S-wave under ¢ predicte
by Stone & Zhang PRD 79,
074024 (2009)
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0T ae0s, N
w88 o 89
YL
VYopy av
2
| Ao|*(t)
2
|4 (2)]
2
|A 1 (2)]
*
S(A)(8) AL(D))

R(Ao(t) Ay (t))
I(Ao(t) AL(t))

As(2)]?

R(AS()A)(2))

3(AS(1)AL®))

R(AS(t)Ao(2))

Transversity |l

AF
|Ao| st[cosh Tt — cos ¢s sinh

AT

?t) + sin ¢s sin(Amt)] ,

AT AT
|4 |2€_Fst[COSh (Tt) — cos ¢s sinh (Tt) + sin ¢s sin(Amt)] ,
AT

AT
|A; |2e~Tst[cosh (Tt) + cos ¢s sinh (Tt) — sin ¢s sin(Amt)] ,

| Ay I|ALle” Pst[_cos(6, — d)|) sin ¢ sinh (Tt)
—cos(6 — 6_||) cos ¢s sin(Amt) + sin(6 — J)|) cos(Amt)],
| Aol[A |e—Fst cos(8) — do)[cosh (%t) — cos ¢s sinh (%t)
+ sin ¢s sin(Amt)] ,
DLt : : Al
|Ao||A L |e™" s"[—cos(d1 — b0) sin ¢s sinh Tt
—cos(61 — d0) cos ¢s sin(Amt) +sin(d) — do) cos(Amt)],
|Ag|2e=Tst[cosh (%t) + cos ¢ sinh (%t) — sin ¢g sin(Amt] , Only term for f=f.

|As|| A le=Tst[— sin(d — ds) sin ¢s sinh (%t) —sin(§) — ds) cos ¢s sin(Amt)
+cos(d) — ds) cos(Amt)],

AT AT
|As||A L le~Tstsin(6, — 8s)[cosh (Tt> + cos ¢ sinh (Tt)
— sin ¢ sin(Amt)] ,

AT
|As||Ao|e~Tst[—sin(8p — &5) sin ¢ sinh (Tt>

—sin(dp — ds) cos ¢s sin(Amt) + cos(dg — ds) cos(Amt)].
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o Expect largest effects in Cabibbo Suppressed
Decays. COULD REVEAL NP (see Grossman Kagan

& Nir arxiv:1204.3557) . BaBar
5 Define: AC,,<Def)=£§g%g+££e§; Beﬂik
if fis a CP eigenstate then 7-7 _;E [
o Current data for LI —
AA,, EACP(K+K_)—ACP(JT+J'E—) - lexa%gglavlerallgell'olfbl -
do not show much, though ! D Me®

some early measurements gave a 4.50 effect.
Both SM & NP explanations are prolific
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Prior to result: "CPV in charm is clearly
beyond the SM”

4

New Physics and CP Violation
in Singly Cabibbo Suppressed D Decays

Yuval Grossman®
Department of Physics, Technion-Israel Institute of
Technology, Technion City, Haifa 32000, Israel

Alexander L. Kagan'
Department of Physics, University of Cincinnati, Cincinnati, Ohio 45221, U.S.A.

Yosef Nirt
Department of Particle Physics, Weizmann Institute of Science, Rehovot 76100, Israel

Abstract

We analyze various theoretical aspects of CP violation in singly Cabibbo suppressed (SCS) D-

meson decays, such as D — KK, .

a1 Ldl ] level of . ] itivity of O(10°2)_ Sucl

ments would signal new physics.

p-ph/0609178v1 19 Sep 2006
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W= CULTORES G 4
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O, sSNWagz
(N TS 5 X
Dpp AV

o Direct CP in SM caused by interference
between P and T

] SII’ICQ Vus=—Vcd
Ao (KtK-)= -Ap ()

o Still need P/T to be >3, while in B decays
It is 0.15....

1 But there is the AI=1/2 rule in K, decay
which is not understood, so all bets are off
(Grossman, CERN seminar Jan. 12, 2012)
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o At L=2x1033 cm2s! the

TT: Replace

event ftopology is more

complex:

= More primary vertices

= Increased track
multiplicity

= Bunch-to-bunch spillover

o Detector occupancy
(highly non-uniform, B
radial dependence) VELO: Replace »

H' " T Stations: i : HE
11 Add SciFi/Silicon

Highlights on technological challenges:
g VELO: high radiation & data rates in the innermost section

g Super think shaped RF foil for VELO
g All tracking layers: closer to the beam line, low mass

support and cooling

1/10/2013 Argonge




B-—t~v problem?

o ®
o BTt v, tree process:® ‘MM &
H ¥

1 sin2f, CPV in e.g. B°—>J/1p K Box dlagram

o Measurement not in
good agreement with

Can be new particles
instead of W- but wh
not also in O~ £ *v

~J

-value
| pvalue
G mgr m? m.2 i 2 i
BR(B —»1r'v)= _%E_E 1-—% | 1, V,,[* 0.9
0.25 4 Mg _
0.8

0.20

L —_ World average -
SM prediction based ¢ +measuremems | Bos
m 0.15 —: 0.5
on CKM ﬁ+ © {0.072°0927 +0.011)x107 1 Moa
: 019~ New Belle 7 Mos
Discrepancy may be - Result CKMfit without { |
resolved; await updated = °“f pom measurements | Ml
BaBar measurement... N T T IV AR B 1 P

0.5 0.6 0.7 0.8 0.9 1.0

sin 23
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Rare Decays - GenericC

4GF

NG T

L] CiOi FOI" SM, Ci O/' Cll"e FOI” NP.
Operators are for Py, = (1tys)/2

| O Hett = Vin Vi Z C;0; + C!O}) +h.c. .

my 5
O7 = ?(SUWPR[?)F“ ; Og = gTZ (50,,T“Prb)GH" “,
e

Oy = (5% PLO)(EV" ) 019 = (57, PLb) (") |
Og = mb(ngb) (68) ; Op = mb(EPRb) (57755) :
0 07=0 with Py =P ;

o Each process depends on a unique

combination
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| o Upper limits in

eemode not B >Dtee- Belle < 2.6

competitive with B-»D%e u~ Belle <1.8
0 ers unique _ U

since measure B__') S S B

coupling of B-—=D*"u"u~ LHCb < 3.6

Majorana v to

M— Belle [arXiv:1107.064]
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Upgrade trigger information
upgrade

------ 1
n

n
pocH \ ]
] '.
Loy R
|

® change electronics readout to get up to
40MHz and match LHC bunch crossing

® Event Filter Farm reconstructs the event and
makes trigger decisions

® |mprovements of the CPU computing power

are needed
=
£
O HLT with full
§ oooooow EFF size 5%2011 | 10x2011 | & ete st
| o LLT-rate (MHz) 5.1 10.5 | & ot
S . HLT1-rate (kHz) 270 570§ [Eadbatsibitosesl
& °n HLT2-rate (kHz) 16 26 D
04 b °°° Total signal efficiency
2 B, — ¢¢ 0.29 0.50
oz| ° B® — K*uu 0.75 0.85
< L=10%3cm2%s"!
.5 S 75 10 125 ‘EI.T :‘7;5(.'5;
1Ch Amwil 17 20172 Moeoiie Meoiie oIl Tho | LI/ L 1 he e I e aniiille e
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55 V.
v 028 N %,
S
= 4 i 3
A NS

2o Data acquisition strategy

Tell40

‘Network =
I Slice : '

Readout LO Hardware HLT
Current Architectque Supervisor Irigger
LO electronics L0 trigger tell1 board '
Lo I.ulencv buffer LO derandomiser Input butfer Output buffer
Il - Data link 1Gh Network HLT
. Ze /
._D_G I il iuppr;s FormatfingH o oot
LIt 1 MHZ
o Telll
B -
Readout l;\_t?ractinn ,hi'-"
. Supervisor rigger Network .
Upgrade architecture ,|, L —@
Front-end Rate control tell40 board -
Derand. buffer m
3 Data link 10 Gb
._D_@ StFP::;H ﬂm D7 """""" » Ethernet HLT++
10 MHZ
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Detector Requirements - General

- Every modern heavy quark experiment needs:

o Vertexing: to measure decay points and reduce backgrounds,
especially at hadron colliders

o Particle Identification: to eliminate insidious backgrounds from
one mode to another where Kinematical separation is not
sufficient

5 Muon & electron identification because of the importance of
semileptonic & leptonic final states including J/v decay

oy, m° & mn detection
- Triggering, especially at hadronic colliders

7 High speed DAQ coupled to large computing for data
processing

o An accelerator capable of producing a large rate of b’s
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